Dorsal nerve block of the penis for penile surgery, as the sole agent l ,2 or with general anaesthesia H to prevent laryngospasm and to provide immediate postoperative analgesia, has become a widely used and accepted practice. This paper reports two cases of gangrene of the skin of the glans penis, occurring in different institutions with different anaesthetists and surgeons. In both children (Case 1 aged thirteen months and weighing 9.8 kg; Case 2 aged three years, 12 kg) general anaesthesia was induced with thiopentone and maintained with nitrous oxide, oxygen and halothane supplement.
In each case bupivacaine (Marcain) 0.5070 without adrenaline was drawn from a new ampoule and injected using the technique recommended by Brown and Fisk, 1979 . In Case 1 two injections either side of the dorsal vein of 0.5 ml and in Case 2 one injection in the midline of 1.5 ml was administered. In both, a 25-gauge needle and a two-millilitre syringe was used.
In Case 1 the surgical technique employed a metal bell clamp and in Case 2 a classical circumcision was performed. In both cases, vascular ties were used, and interrupted circumferential sutures closed the incision edges. The suture lines were dressed with a wafer of cotton wool and Tinc. Benz. Co.
In Case 1, it was observed on the first postoperative day that the skin of the glans was 'deep' red and in part 'black'. Without further treatment this patient was discharged on the third day. On review at two weeks, a small loss only of dorsal coronal skin with scarring was seen.
In Case 2 the patient was seen by the surgeon on a routine visit on the first postoperative day, and was discharged from hospital, as the penis appeared normal. On the third postoperative day, the mother observed that the end of the penis was 'very dark'. On this same day the patient was referred to another hospital, where on admission a radioisotope per fusion study and blood coagulation tests were performed. An infusion of normal saline with heparin at a rate of 25 units/kg/hr was then commenced.
The results of the coagulation tests were within normal range, but the heparin infusion was continued at the same rate over a period of four days, as a prophylactic measure, to prevent the possible extension of the postulated thrombotic process.
Over several days the colour of the glans lightened and the patient was discharged from hospital on the ninth postoperative day, without any residual defect of skin. Seven months later the patient was seen by the operating surgeon, and the penis was normal in appearance.
Anatomical considerations
In many textbooks of anatomy there is little detail of the relevant anatomy, and in many articles on this subject there is often an erroneous descriptive drawing. As the arteries and nerves arise from their parent trunks in the perineum, they pass forward and the dorsal arteries and nerves come to lie on the corpora cavernosa, with the arcuate ligament of the pubic bone close above. Posteriorly and above, this entrance is closed by the perineal membrane and anteriorIy by the suspensory ligament of the penis through which they pass on their way forward.
The substance of the glans (the corpora spongiosa) is supplied by the artery to the bulb, but the skin of the glans is supplied only by the dorsal arteries. These arteries do anastomose within the reticular tissue of the corpora spongiosa but they are basically end arteries. The corpora cavernosa are supplied by the deep arteries.
The venous drainage of the penis is through the superficial dorsal, which carries blood from the prepuce and all the skin of the penis to the saphenous vein, and also by the deep dorsal vein. The latter carries blood from the glans substance and corpora cavernosa and lies centrally in close apposition to the dorsal artery and nerve, one of each on either side. At the base of the penis, in order to enter the prostatic plexus the superficial dorsal vein passes through the suspensory ligament and then through a slit between the perineal membrane and the arcuate ligament of the pubic bone.
DISCUSSION
Many types of injuries of the penis have been reported associated with circumcision 7-12 but all have been considered to be due to surgical technique, and nerve block was not used in any of the patients.
The possible causes of the impaired circulation to the skin of the glans in our patients were: 1. surgical trauma, 2. pressure upon the vessels either by (a) the volume of the anaesthetic solution and/or bleeding at the site of the injection, or (b) contraction of the dressing, 3. a chemical assault upon the vessels either by the analgesic solution or by the inadvertent injection of some other agent, 4. perforation of either vein or artery, with endothelial damage. There was nothing at the time of surgery or in review that implicated the surgical technique in impairing the blood supply to the glans. One patient had some postoperative bleeding but this was controlled with a dressing and no deep sutures, which have been implicated in producing damage to the glans, were used. 11 The volume and concentration of solution used was well within that recommended by Brown and Fisk (1979) , the manufacturer, and Kirya and Werthmann (1978) . It is improbable that the volume of solution alone, as suggested by some authors, compressed the vessels for a sufficient time to cause damage. However, damage to the endothelial lining of arteries is not dependent upon the size of the artery nor upon the actual pressure of occlusion. At least in clamping of vessels, where the only pertinent information is available, the important factor is duration of occlusion, thrombus formation reaching a maximum in ten to twenty minutes. I3 The use of a tourniquet by some surgeons at the base of the penis, for up to an hour where plastic surgery is performed, may also be relevant, but none was used in either patient.
The most probable cause of damage to the vessels would no doubt be considered by some to be the inadvertent injection of some irritant solution, such as thiopentone. However, in both instances, a new ampoule of analgesic agent was used (from different batches) and away from the usual intravenous setup, with syringes of 2 ml capacity that are not used for the administration of thiopetone.
Damage to the endothelium of the vessels by the analgesic solution or by puncture can be considered. Bupivacaine is widely used as an intravenous regional analgesic, and no reports of damage have been published. Peripheral Anaesthesia and Intensive Care, Vol. 13, No. J, February, 1985 arterial puncture for diagnostic purposes carries a complication rate of 41070 14 to 11 %. 15 The commonest finding is bruising 35% and palpable haematoma 5% 14 and 16%. 15 In the studies referred to, infants and children had twice as many complications as did those over ten years of age.
It is possible that both dorsal arteries were punctured in Case 1 but most improbable in Case 2 where only one injection was made and that in the midline. In the latter patient the Technetium scan showed good perfusion of the glans but such method cannot differentiate between supply to the skin of the glans and the corpus spongiosa beneath, each having its own blood supply.
The slow onset of the manifestation of impaired blood supply may be partly explained by the small demand for blood by the skin. The most probable explanation is compression by bleeding at the site of injection and perhaps post-analgesic erections and turgidity further compressing the damaged vessels. One of the advantages of dorsal block is to prevent painful postoperative erections for a period of from two to eight hours depending on the agent used, but the onset of gangrene was well beyond this period.
In the production of the gangrene of the skin of the glans, it would appear to be immaterial whether deep vein or dorsal artery is primarily damaged. The mechanism is most likely compression of the vessels in the restricted space. However the clinical presentation may differ, so that if the vein is damaged, engorgement of the glans will ensue with continued bleeding and later oedema of the shaft of the penis. This occurred in Case 1, but there was no such observation in Case 2, except that there were signs of some slight extravasation of blood at the base of the penis.
In drawings and descriptions (except in anatomy literature) of the passage of the vessels and nerves under the pubic arch, either the space is depicted to be capacious, or no suggestion is made of a restricted and slit-like tunnel, even in the flaccid state of the penis. CONCLUSION If the valuable practice of dorsal block is to continue, and the technique recommended by Brown and Fisk followed, it must be understood that the vessels at the site of injection are in a restricted compartment, and the arteries are essentially end arteries. In this technique, the needle is directed towards the pubis so that the bone is felt. This will no doubt on many occasions produce a hooked needle point, so that if a vessel is penetrated, tearing may result.
Fisk and Brown also warn against passing the needle deep to the pubic arch. However in passing the needle inferiorly after bone contact, the needle will tend to follow the pubic bone which passes posteriorly as it proceeds inferiorly, and injection will be made below the pubic arch. Although many authors give warning to prevent haematoma formation, the consequences have not heretofore been published.
Since the nerves are constant in position and lateral to the conspicuous superficial dorsal vein, it would seem prudent to inject away from the pubic bone, at right angles to the shaft of the penis as it is held outstretched. Haematoma formation if it does occur would be both obvious and able to spread in the lax tissue between the skin and the corpora cavernosa.
This modification of the technique may not include the first branches of the nerve in distribution of analgesia but this will only be of consequence for total penile surgery, when a ring block through the same site of injection would cover the deficiency. 16 A renal scan demonstrated separate functioning kidneys and ureters, probable fused bladders and only limited crosscirculation. Contrast radiology showed separate small bowels joining a single large intestine which terminated in the conjoined bladders. Chest X-rays were normal and ultrasonography demonstrated normal hearts, livers and spleens, though suggested both twins had small unilateral adrenal haemorrhages.
As they were in good condition, it was decided that separation be performed as soon as possible because of incipient bowel obstruction and the risk of urinary tract infection and sepsis. 3 With early surgery, the bladder repair and manipulation of pelvic bones would also be easier. 4, 5 A meeting was held to discuss and plan the procedure. Surgery was scheduled for a Sunday, the fourth day of life. Four anaesthetists were to be directly involved while a fifth was also available. Normal neonatal preoperative preparation was undertaken. Fresh intravenous and radial arterial cannulae
